Objective This study investigated the effects of calcium on fluorosis-induced impairment in learning and memory of offspring rats. Methods Seventy-five newly weaned female Sprague-Dawley (SD) rats were randomly divided into five groups as follows: Control group (Control) drank tap water, and ate the normal diet (calcium content of 0.79%); fluoride group (F) drank 100 mg/L NaF solution, and ate the normal diet; low calcium group (LCa) drank tap water, and ate the low calcium diet (calcium content of 0.063%); low calcium fluoride group (F+LCa) drank 100 mg/L NaF solution, and ate the low calcium diet; high calcium fluoride group (F+HCa) drank 100 mg/L NaF solution, and ate the high calcium diet (calcium content of 7%). After exposing rats to fluoride for three months, male and female rats were mated and 14 and 28 days old offspring were obtained as experimental subjects. Examinations determined the submicroscopic parameters of the synaptic interface and expression levels of specific proteins: doublecortin (DCX) and synaptophysin (p38). Results (1) High fluorosis significantly reduced synapse density, length of synaptic active zone, thickness of postsynaptic density, and led to abnormal changes in the structural parameter of synaptic gap width, which was significantly reduced or increased. High dietary calcium significantly reversed the abnormal changes in structural parameters, and low calcium aggravated these variations. (2) Dietary calcium resulted in nonsignificant effect on expression levels of DCX and p38. Conclusion: The results suggested that dietary calcium significantly affected hippocampal synaptic plasticity of offspring of mothers exposed to water fluorosis, but its molecular mechanism may not be related to the expression of DCX and p38 in the brain. The findings also demonstrate the important effects of maternal exposure to water fluorosis on offspring brain functions before water improvement.
Introduction
Though fluoride is an essential micronutrient to the human body, long-term excessive intake can be toxic to multiple systems, resulting in a condition known as endemic fluorosis. There are three types of endemic fluorosis: coal-burning endemic fluorosis, brick-tea fluorosis, and drinking-water type fluorosis. Drinking-water fluorosis cases are distributed in 28 provinces, provincial cities, and autonomous regions in 1138 counties. This condition seriously harms people's health. Fluorosis can damage bony organs, such as teeth and bones [1] [2] .
Excessive fluoride can penetrate the bloodbrain barrier then subsequently, brain tissues, thus damaging the central nervous system [3] and changing synaptic plasticity [4] . Previous studies also showed that fluorosis can cause accumulation through placental barrier-brain tissue, resulting in damage in the subsequent generation [5] . Therefore, in endemic fluorosis areas in China, although the fluoride content of drinking water usually follows standards, efforts should center on the effects of maternal exposure to water fluorosis on offspring brain function before water improvement. In this study, SD rats were used to investigate the effects of calcium on drinking-water fluorosisinduced learning-and-memory impairment of offspring rats in order to explore intervention measures for normal brain development in fluorosis areas and to provide basic data for prevention and treatment of endemic fluorosis.
Materials and methods

Experimental animals
Weighing 70-90 g each, 75 female rats and 25 newly weaned male Sprague-Dawley rats were procured from the Experimental Animal Center of Zhejiang Province in China. After a week of acclimatization, female rats were randomly divided into five groups with 15 rats per group. These groups were as follows:the control group was provided with tap water (water fluoride <0.2 ppm) and fed the normal diet were fed a standard diet, of which the calcium content measured 7.9 g/kg. Tap water was used as solvent in all solutions. After feeding the rats for three months, the fluorine content of the blood and urine served as a success criteria of subchronic fluorosis in this animal model.
Male and female rats were mated at a 1:1 ratio.
Rat offspring were breastfed after birth until they were mature enough to drink water on their own. Drinking water of the maternal rats remained the same during the lactation period.
In this study, newborn rats, 14-day-old rats, and 28-day-old rats were utilized to conduct relevant experiments. Room temperature and humidity were maintained at 25 °C and 50% to 70%, respectively.
Equipment and reagents
Pathologic Tissue Selected Table, [6] . Image analysis software Image-Pro Plus 5.1 was used to determine synaptic density, synaptic gap width, thickness of postsynaptic density (PSD), postsynaptic activity band length, and curvature of the synaptic interface. Twenty synapses were analyzed in each group with double blind trials [7] .
The number of synaptic densities per unit area (Nv) was quantitatively analyzed by stereological methods. The formulas used are shown in (1.1) and (1.2) [8] :
where E corresponds to the average of the reciprocal of PSD length, and Na represents the number of synapses per unit area.
where Nx corresponds to the number of synapses per image, and Ar denotes the area of each image.
Immunohistochemical detection
Offspring rats were sacrificed. termination of the reaction, followed by a gradient alcohol dehydration, and addition of transparent xylene. Then, samples were dried and observed by microscopy [9] .Using the Image-Pro Plus image analysis system, each slice was observed and photographed at high magnification (400 x), and its optical density (OD) value was calculated.
Data processing
Data are presented as mean ± standard error (M ± SD). The mean values were determined using the homogeneity of variance test. If the variance passed the homogeneity test, the comparison of means was conducted using a one-way ANOVA. The least significant difference test was applied to conduct multiple comparisons with a significance standard of p < 0.05 [10] .All analyses were performed using SPSS 18.0 software. Figure 1 and Table 1 show the density of the hippocampal CA3 area in newborn rats.
Results
Compared with that in the control group, newborn rats in F+LCa group presented significantly decreased hippocampal synaptic density (p<0.05), whereas no significant difference was observed in other groups.
Compared with the F group, each group showed no significant difference (p>0.05). Figure 2 and Table 4 Table 7 show observational results of DCX and p38 expression in hippocampi of newborn rats. Closely arranged positive cells appeared in the brains of newborn rats in each group. As shown in Table   8 , compared with that in the control group, no significant difference existed in expressions of DCX and p38 protein in fetal rats (p>0.05).
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Compared with the F group, no significant difference was observed in expressions of DCX and p38 protein in fetal mice (p>0.05). Table 9 presents observational results of the expression of hippocampal DCX and p38 in 28-day-old rat offpsring. Compared with the control and F groups, no significant difference was observed in expression of DCX or p38 in 28-day-old mice (p>0.05).
Observational results of expression of hippocampal DCX and p38 in 14-day-old rat offspring
Observational results of the expression of hippocampal DCX and p38 in 28-day-old rat offspring
Discussion
The hippocampus is closely related to learning and memory and emotional behavior. Synapses are one of the key structures of neural signal Table 6 . Synaptic interface structure of the CA3 area of hippocampi in 28 day old rats(M±SD, n=20) transmission. This process is easily affected by age [11] , medicine [12] , environment [13] , and other factors. Synaptic plasticity serves as the basis of learning and memory; it mainly deals with the probability of synapse occurrence and morphological structural changes with stimulation [14] . Synaptogenesis is an important process of brain development, and synapse structure and characteristics determine transmission efficiency of synaptic information [6] .
Previous studies suggested that dietary calcium significantly affect hippocampal synaptic plasticity of offspring whose mothers were exposed to water fluorosis [5, [15] [16] . This result not [17] . In the development of the human brain, DCX is primarily expressed in the fetal cerebral cortex and can be detected at nine weeks of gestation. Peak expression level is observed at 12-20 weeks of gestation, with neuronal migration as the most frequent stage, and then decreases gradually [18] . In this experiment, after immunohistochemical detection, no significant difference was observed in expression levels of DCX protein in rat offspring in each group. p38 is one of the specific markers of synaptic terminals, participating in release of neurotransmitters, such as Ca
2+
-dependent acetylcholine, and is closely related to synaptic plasticity. Expression and quantity of p38 immune products accurately reflects distribution and density of [19] synapses, respectively. Human brain synapses mainly develop in late pregnancy and early postnatal development. However, p38 can be detected during rat birth, but its expression initially starts at low levels before gradually increasing. p38 peaks at four days after birth, when the synapse is in a rapid development stage; then, its expression decreases gradually; p38 expression levels in 30-day-old rats is similar to that in adult rats [20] . In this study, [21] . Further studies should investigate the molecular mechanism of the maternal effects of fluoride exposure on hippocampal synaptic plasticity in their offspring.
Currently, no specific drug is available for endemic fluorosis because of its complex pathogenesis. However, researchers are focusing on studies of fluoride-resistant drugs, for example, vitamin C and the trace element selenium [22] [23] . The relationship between calcium and fluorosis also became an important topic of research. Calcium is an important intracellular messenger. Through different methods, calcium activates signal transduction and regulates and controls physical reactions, such as neurotransmitter delivery. After long-term intake of excessive fluoride, fluorine directly attacks oxygen molecules, interferes with normal metabolism of oxygen [24] [25] , and results in the formation of excessive oxygen free radicals.
Excessive oxygen radicals attack cell membranes and affect cell calcium pools, such as calcium ion channels and intracellular endoplasmic reticulum, causing an imbalance in calcium metabolism. This study is based on methods reported in literature [26] , wherein rats with highcalcium and low-calcium diets were exposed 
